This paper examines the long-run relationship between consumer price index industrial workers (CPI-IW) inflation and GDP growth in India. We collect data on a sample of 14 Indian states over the period , and use the cross-sectionally augmented distributed lag (CS-DL) approach of Chudik et al. (2013) as well as the standard panel ARDL method for estimation-to account for cross-state heterogeneity and dependence, dynamics and feedback effects. Our findings suggest that, on average, there is a negative long-run relationship between inflation and economic growth in India. We also find statistically-significant inflation-growth threshold effects in the case of states with persistently-elevated inflation rates of above 5.5 percent. This suggest the need for the Reserve Bank of India to balance the short-term growthinflation trade-off, in light of the long-term negative effects on growth of persistently-high inflation.
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I. INTRODUCTION
The inflation-growth trade-off and the role of monetary policy in India have received renewed interest among policy makers and academics in recent years as persistently-high inflation and weak growth happened to co-exist. 1 The conventional view is that inflation at low levels "greases the wheels" of the economy, while at high levels it negatively affects the economy's allocative efficiency and growth (see Section II. for a brief survey). In other words, while the short-run Phillips Curve postulates that inflation tolerance could be associated with higher growth, persistently-high inflation, especially beyond a certain threshold, (by itself) could be a drag on economic growth in the long run. This paper re-visits the non-linear effects of inflation on growth in India, and investigates whether a persistently-elevated inflation rate (particularly above a certain threshold) could slow growth of the Indian economy in the long run. Given that estimating the inflation threshold in a cross-country framework runs the risk of being distorted due to cross-country heterogeneity (countries with extremely low levels of inflation and those with hyper-inflation are included in the same sample), we instead rely on Indian state-level GDP growth and inflation data, and a heterogenous panel technique, to estimate the inflation threshold for India. This allows for a more accurate/efficient inference of model parameters than from time-series regressions using all-India data or from cross-country panel data models.
Specifically, we adopt the cross-section augmented distributed lag (CS-DL) approach of Chudik et al. (2013) for estimation and contrast this with the panel ARDL approach. We estimate the long-run effects of inflation on economic growth in India using a panel of fourteen Indian states over the period . In contrast with the earlier literature surveyed in Section II., the CS-DL estimation strategy takes into account three key features of the panel data (i.e. dynamics, heterogeneity and cross-sectional dependence), with the ARDL approach also being robust to feedback effects. Furthermore, the panel techniques adopted in this paper allow for states to be affected differently by common factors (monetary policy, oil price spikes or weather-related shocks) 2 as slope coefficients differ across states and cross-state averages (and their lags) proxy for unobserved common factors. The relationship between growth and inflation is also state-dependent as high inflation can magnify the effects of supply bottlenecks in different states to varying degrees.
Our findings suggest that, on average, there is a statistically-significant negative long-run relationship between inflation and economic growth in India. We also find statistically-significant inflation-growth threshold effects in the case of states and periods with inflation rates above 5.5 percent. Specifically: (i) at low enough levels of inflation (below 3 percent) we do not observe any statistically-significant effects of inflation on output growth; (ii) average growth is higher for those states and periods which experienced inflation below 5.5%; and (iii) when inflation is greater than 3%, we observe a negative and statistically-significant effect of inflation on long-run growth (with this negative effect being much larger when inflation is above 5.5%). This result is in line with most of the estimates found in the literature on India. Mohanty et al. (2011) find evidence of an inflation threshold for India in the order of 5.5 percent. Ahluwalia (2011) notes that inflation above 6 percent is "regressive and also distortionary, damaging both inclusion and growth". Using quarterly data from 1996-2011, IMF (2012) also finds evidence of an inflation threshold of about 5-6 percent in India. A distinguishing feature of this paper compared with most Indian-based writings is its focus on CPI inflation rather than wholesale price index (WPI) inflation, as well as its use of state level data rather than national data. Moreover, and in contrast to earlier studies, we show that inflation does not have to reach the minimum "threshold" before its growth effects turn negative. Turning to policy implications, despite the fact that inflation in India is driven by both supply and demand-side factors (including the National Rural Employment Guarantee Act, supply bottlenecks, food and energy price pressures, and elevated inflation expectations), inflation is one of the most important problems facing India's economy. Therefore, the authorities (via supply-side reforms as well as monetary policy) should strengthen their anti-inflation efforts in order to avoid any negative long-run effects of excessive inflation on growth.
The remainder of the paper is organized as follows. Section II. reviews the literature on long-run effects of inflation on economic growth. Section III. presents the findings of this paper regarding the non-linear long-run effects of inflation on growth in India. The final section concludes and offers a few policy implications.
II. LITERATURE REVIEW
Economic theory provides mixed predictions as to the effects of inflation on economic growth. Depending on how money is introduced into the model and the assumptions about its functions, inflation can have either positive or negative effects on real variables such as output and investment. Within a money-in-the-utility-function model, Sidrauski (1967) presents a superneutrality result where changes in the rate of money growth and inflation have no effects on steady-state capital and output. The same result is obtained by Ireland (1994) within a cash-in-advance model where money is needed in advance to finance investment expenditures and at the same time capital accumulation affects money's role in the payments system. Tobin (1965) regards money as a substitute for capital, and shows that higher inflation enhances investment and causes a higher level of output. Bayoumi and Gagnon (1996) show that a positive relationship between inflation and investment can also arise if there are distortions in the tax system. Stockman (1981) examines the implications of a cash-in-advance constraint applying to investment and argues that higher inflation decreases steady-state real-money balances and capital stock, and hence produces a reverse Tobin effect. Dornbusch and Frenkel (1973) show that the effects of inflation on real variables are ambiguous if money is introduced into the model through a transaction cost function. However, this ambiguity disappears when money is introduced as a transaction device through a shopping-time technology, as in Saving (1971) and Kimbrough (1986) . Gillman and Kejak (2005) survey the theoretical literature on inflation and endogenous growth, and show that a broad range of models can generate a negative association between inflation and growth; see Gomme (1993) and De Gregorio (1993) among others. They also analyze whether the inflation-growth relationship is non-linear (that is, becomes weaker as the inflation rate rises). In such models, the inflation rate affects growth because it changes the marginal product of capital, either that of physical capital (AK models), or that of human capital (AH models), or that of both in combined capital models. Considering AK and AH models, inflation acts as a tax on physical or human capital which decreases the marginal product of capital and lowers growth. The non-linearity property of the inflation-growth relationship can be explained through models that explicitly account for unemployment; see Akerlof et al. (2000) . According to these models, low inflation favors both employment and productivity, resulting in higher capacity utilization, a lower output gap and, as a consequence, higher growth. Therefore, the relationship between inflation and output growth may be positive for low levels of the inflation rate.
There also exists a large empirical literature on the relationship between inflation and growth. A brief summary of these empirical findings is as follows. First, inflation could reduce growth by lowering investment and productivity. Barro (2001) provides evidence for a strongly significant negative effect of inflation on growth, while Bruno and Easterly (1998) show that the inflation-growth correlation is present only when they base their cross-section regressions on annual observations, with the correlation weakening as longer-term time averages are used. There is also a strong inflation-growth relation with pooled annual data. Second, the relationship between inflation and growth is highly non-linear. Khan and Senhadji (2001) find a 'threshold' rate of inflation, above which the effect on growth is strongly significant and negative, but below which the effect is insignificant and positive. Gylfason and Herbertsson (2001) list some 17 studies for which all but one find a significant decrease in the growth rate from increasing the inflation rate from 5 to 50%; while Chari et al. (1996) review the empirical results from increasing the inflation rate from 10 to 20%, and report a significant fall in the growth rate within the interval, 0.2% to 0.7%. Roubini and Sala-i-Martin (1992) study the relationship between inflation and growth in a panel of 98 countries over 1960-1985, and find that an increase in the annual rate of inflation from 5 to 50 percent reduces per capita growth, ceteris paribus, by 2.2 percent per annum. Rousseau and Wachtel (2001) report a smaller but still significant negative effect of inflation on growth in their panel study of 84 countries during 1960-1995. The negative and highly non-linear inflation-growth effect is also supported in Judson and Orphanides (1999) , Ghosh and Phillips (1998) , and López-Villavicencio and Mignon (2011). Third, inflation volatility is found to negatively affect production decisions, and hence growth; see Judson and Orphanides (1999) .
The inflation-growth relationship is not always found to be robust though, often due to sample selection bias, temporal aggregation, and omission of consequential variables in levels. Trying to address these misspecifications, Ericsson et al. (2001) , using 40 years of data , show that output and inflation are positively related. They find that, for most G-7 countries, annual time series of inflation and the log-level of output are cointegrated, thus rejecting the existence of a long-run relation between output growth and inflation. Following a different econometric approach, Bullard and Keating (1995) , using a large sample of postwar countries, find that a permanent shock to inflation is not associated with a long-run change in real output for high-inflation economies. Using instrumental variables to account for inflation-growth endogeneity bias, Gillman and Nakov (2004) show that the negative non-linear effect is reinstated at all positive inflation levels for both developed and developing countries.
III. EMPIRICAL RESULTS
This section examines the long-term effects of inflation on economic growth in India, using both ARDL and CS-DL empirical specifications. We also look at the effects of inflation thresholds on long-run growth. However, we first begin with a description of the data used.
A. Data Sources
We obtain real gross state domestic product (GSDP) and consumer price index (CPI) data from the CEIC database and calculate growth and inflation based on these series. GSDP data is available for 32 states and union territories from the fiscal year 1980 onwards (with the exception of Chandigarh, Chattisgarh, Jharkhand, and Uttarakhand, for which data is available only from 1993). Excluding the most recent measure of the consumer price index (CPI) combined (CPI-Combined) for which official data is only available from January 2011, there are three measures of the CPI at the state-level that we could potentially use: (i) CPI industrial workers (CPI-IW); (ii) CPI agricultural laborers (CPI-AL); and (iii) CPI rural labourers (CPI-RL). We collect monthly data on these three measures for as many states as possible. CPI-AL and CPI-RL data are available for twenty states from January 1995 to December 2013, thus the number of annual observations on inflation per state is 18, which gives N max = 20 and T max = 18. CPI-IW data on the other hand is available for 24 states and with the first observation in January 1988 for most states (except for Bihar, Goa, Himachal Pradesh, Kerala, Orissa, Pondicherry, and Tripura for which we only have data from January 1994), which gives N max = 24 and T max = 25:
Since our analysis allows for slope heterogeneity across Indian states, we need a sufficient number of time periods to estimate state-specific coefficients. We therefore use CPI-IW as our preferred measure for CPI, given that the total number of observations will be significantly larger than using either CPI-AL or CPI-RL (given that both N and T are larger). Moreover, we include only states in our sample for which we have at least twenty consecutive annual observations on inflation and the real GDP. Subject to this requirement, we end up with the fourteen states listed in Table 1 , which together cover over 90 percent of India's current GDP. Overall, we have an unbalanced panel covering the sample period 1989-2013, with T min = 21, and N = 14 across all time periods. Figure 1 illustrates a simple bivariate relationship between real GSDP growth and inflation for the 14 Indian states over the sample period . From this figure, it is clear that there is a negative correlation between the two variables. In fact plotting the two series for each of the states separately, we observe that this negative relationship exists in all states except for Madhya Pradesh and Rajasthan, for which there is a mild positive association between the two variables, see Figure 2 . 
B. Long-Run Estimates
We first investigate the long-run effects of inflation on output growth using the traditional panel ARDL approach, in which the long-run effects are calculated from OLS estimates of the Source: Authors' calculations using data from the CEIC database. Notes: Inflation is based on consumer price index industrial workers (CPI-IW). For the 14 states in the sample see Table 1 .
short-run coefficients in the following equation:
where y it is the growth rate of real GSDP for state i in year t, and it is the inflation rate. The coefficient on the error correction term ( i ) and the long-run effects ( i ) are calculated from ' i`a nd i`, more specifically:
We use the same lag order, p, for all variables and states, but consider different values of p in the range of 1 to 3. Given that we are working with growth rates which are only moderately persistent, a lag order of 3 should be sufficient to fully account for the short-run dynamics and hence feedback effects. Equation (1) allows for a significant degree of cross-sectional heterogeneity and accounts for the fact that the effect of inflation on growth could vary across states (particularly in the short run). In a series of papers, Pesaran and Smith (1995) , Pesaran (1997) , and Pesaran and Shin (1999) show that the ARDL approach can be used for long-run analysis, and that the ARDL methodology is valid regardless of whether the regressors are exogenous, or endogenous, and irrespective of whether the underlying variables are I (0) or I (1). These features of the panel ARDL approach are both appealing and could be very important in our empirical application. Note that we do not include any control variables in Figure 2 . Real GDP Growth and Inflation by State, 1989 State, -2013 Sources: Authors' calculations using data from the CEIC database. Notes: Inflation is based on consumer price index industrial-workers (CPI-IW).
our specification following Pesaran and Smith (2014) who argue in favor of parsimonious models when the object of interest is not the "ceteris paribus" impact of a regressor.
The individual estimates of the long-run effects of inflation on growth,^ i , can be averaged across i to obtain a consistent estimate of the average long-run effects, given bŷ = N 1 N i^ i . These estimates together with the mean estimate of the coefficients of the error correction term, denoted by b ; based on the panel ARDL specification above are reported in Table 2 . For each lag order p = 1, 2 and 3, it is clear that the Fixed Effects (FE) estimates, assuming slope homogeneity, suggest an inverse relationship between inflation and economic growth, with this negative effect being significant at the 1% level in all cases. The results from the MG estimates, allowing for slope coefficients to vary across the Indian states, are generally supportive of this negative relationship. b is negative and significant at the 1% level when p = 1 and 2, but not for the ARDL (3,3) case. Overall, the long-run estimates based on the ARDL approach suggest that a one percent increase in average CPI inflation can reduce growth in India by between 0:35 to 0:55 percent in the long run. These estimates are much larger than those obtained by, for instance, Chudik et al. (2013) (being between 0:05 and 0:10 ) using the same ARDL specification as in equation (1) but for a panel of 40 countries. Our results therefore suggest that sustained high inflation levels are particularly detrimental for long-run growth in India (as compared to the average of other advanced, emerging and developing countries), and the authorities should strengthen their anti-inflation efforts through appropriate monetary policies as well as via supply-side reforms. Note also that the speed of adjustment to equilibrium is very quick in all regressions, which is to be expected given the low persistence of output growth (Table 2) . Source: Authors' estimations. Notes: The ARDL specification is given by: y it = c i + P p =1 ' i` y i;t `+ P p =0 i` i;t `+ u it , where y it is the growth rate of real GSDP, it is the inflation rate, and p = 1; 2; and 3. i = 1
. Symbols ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively. Table 2 reports the cross-section dependence (CD) test of Pesaran (2004 Pesaran ( , 2013 , which is based on the average of the pair-wise correlations of the OLS residuals from the individual-state regressions, and which under the null of cross-section independence is distributed as standard normal. For each p = 1; 2; and 3, we observe that the error terms across states in our model exhibit a considerable degree of cross-sectional dependence as the reported CD statistics are highly significant with very large test statistics. The presence of cross-sectional dependence implies that estimates obtained using standard panel ARDL models might be biased. To overcome this problem, one could augment the ARDL regressions with cross-sectional averages of the regressors, the dependant variable and a sufficient number of their lags. However, as discussed in Chudik et al. (2013) , even when including cross-sectional averages in equation (1), the panel ARDL approach still has other drawbacks. In particular, sampling uncertainty could be large when the time dimension is moderate (as is the case here) and the performance of the estimators also depends on a correct specification of the lag orders of the underlying ARDL specifications. The direct approach to estimating the long-run relationships proposed in Chudik et al. (2013) -the cross-sectionally augmented distributed lag (CS-DL) method-overcomes these issues and only requires that a truncation lag order is selected. Also, this direct method has better small sample performance for moderate values of T , which is the case here with T min = 20. Furthermore, it is robust to a number of departures from the baseline specification such as residual serial correlation, and possible breaks in the error processes.
Given the advantages of the direct approach over the ARDL method, we next estimate the long-run effects of inflation on Indian states' output growth based on the CS-DL approach for different truncation lag orders, p = 1; 2; 3; we therefore run the following regressions:
where the regressors are defined as in equation (1). We always include three lags of the cross-sectional averages of the regressors, t = N 1 P N j=1 jt , in all specifications together with the cross-sectional average of the dependent variable,
The MG estimates based on the above CS-DL regressions are summarized in Table 3 . Specifically, the mean group estimates, b , are negative and statistically significant (in most cases at the 1% level). The estimated coefficients fall between 0:65 and 0:91, being much larger than those obtained based on panel ARDL regressions (Table 2) . Note also that the CD test statistics are now very small and we therefore cannot reject the null of cross-sectional independence. Overall, both the ARDL and the CS-DL results suggest that if inflation rises permanently and stays elevated, then it will negatively affect India's economic growth in the long run, with potential growth losses being very large. However, if the increase in inflation is Source: Authors' estimations. Notes: The cross-sectionally augmented distributed lag (CS-DL) regressions include the cross-sectional average of the dependent variable and three lags for the cross-sectional averages of the regressor. The CS-DL estimates are based on the following specification:
, where y it is the growth rate of real GSDP, it is the inflation rate, and p = 1; 2; and 3. Symbols ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively. temporary (perhaps due to expansionary monetary policy to stimulate the economy or when the RBI sees through transitory exogenous shocks), then there is no long-run adverse effect on economic growth. This requires a credible monetary policy framework that only temporarily tolerates higher inflation.
To check the robustness of our results we did the same analysis as above but calculating inflation using CPI-AL and CPI-RL. No matter the measure of inflation our results consistently show that inflation has a negative and statistically-significant long-run adverse effect on growth in India. The results based on CPI-AL and CPI-RL are not reported here, but are available on request. However, as discussed earlier, note that both the time dimension, T , and the cross-sectional dimension, N , is smaller when using CPI-AL and CPI-RL, we therefore consider the estimates based on CPI-IW inflation as more reliable.
C. Inflation Threshold Effects on Growth
As discussed in Section II. there is some evidence in the empirical literature that the relationship between inflation and growth (using cross-country data) is highly non-linear. To investigate whether there is any threshold effect in the relationship between inflation and output growth for Indian states, we run a modified version of the CS-DL regression in (2) setting p = 3, namely: (3) where I it ( ) is a "threshold dummy", defined by the indicator variable I it ( ) = I( it < ) for = 3%; :::; 6% and I it ( ) = I( it ) for = 7% and 8%, which takes the value of 1 if inflation is below/above the given threshold value of , and zero otherwise. All other variables are as defined in equations (1) and (2).
The results of the inflation threshold effects on growth are reported in Table 4 . Interestingly, when < 3% the coefficient of the threshold dummy, b , is positive and significant, but b is negative and insignificant; therefore implying that when inflation is below 3% not only is inflation not detrimental for long-run growth, but also that average growth is 3.4% greater than when t 3%.
5 For all other values of , we observe that the long-run effects of inflation on output growth (as denoted by b estimates) is significant and negative, with this effect being amplified with rising inflation (the higher the threshold is). More importantly, b is positive and significant for all < 5:5%, suggesting average growth is higher when inflation remains at low levels. More specifically, our estimates suggest that average growth has been 1.9% higher when t < 5:5%. In other words, at lower inflation rates (less than 5.5%) some of the negative growth effects of inflation (as represented by b ) are offset, given that the coefficient of the threshold dummy, b ; is positive and statistically significant. On the other hand, for inflation rates above 5.5% we show that the negative growth effect of inflation is larger while at the same time the coefficient on the threshold dummy (b ) is no longer statistically significant. The results in Tables 2 and 3 have consistently shown that the effect of inflation on long-run growth in India is negative, but we now also have some evidence for a threshold effect at an inflation rate of 5.5% and above, where the detrimental growth effect of inflation is more severe (see Table 4 ). This means that monetary policy would need to balance any short-term growth-inflation trade-off (i.e. the short-term Phillips curve) against the long-term negative effects of persistently-high inflation on growth, and maintain the allocative efficiency of the Indian economy by keeping inflation below the threshold. 6 Our results are generally supported by existing studies on India, which to the best of our knowledge exclusively use time series national data rather than cross-state data and the wholesale price index (as opposed to the CPI-IW measure).
7 More specifically, earlier work indicates that the Indian inflation threshold is typically between 6-7 percent-see for instance Kannan and Joshi (1998) , Rangarajan (1998) , and Samantaraya and Prasad (2001)-while Vasudevan et al. (1998) suggest a lower threshold of between 5-7 percent. More recent work by Singh (2010) and Pattanaik and Nadhanael (2013) , using data from 1970 until 2009 and Source: Authors' estimations. Notes: The estimates are based on the following specification y it = c i + i I it ( ) + i it + P 2 =0 i`; i;t `+ ! iy; y t + P 3 =0 ! i; `; t `+ e it ; where I it ( ) = I( it < ) for < 6% and I it ( ) = I( it ) for 7%, y it is the growth rate of real GSDP, and it is the inflation rate. The cross-sectionally augmented distributed lag (CS-DL) regression include the cross-sectional average of the dependent variable and three lags for the cross-sectional averages of the regressors. Symbols ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively. 2011 respectively, also indicate that the inflation threshold is around 6 percent. In addition, based on quarterly data from 1996-2012 IMF (2012) finds evidence for an inflation threshold of about 5-6 percent in India, while Mohanty et al. (2011) estimate the inflation threshold effect being between 4-5.5 percent.
IV. CONCLUDING REMARKS
Based on annual data on fourteen Indian states over the period 1989-2013, we examined the growth-inflation relationship in India using the cross-sectionally augmented distributed lag (CS-DL) approach of Chudik et al. (2013) , as well as the standard panel ARDL methodology. We also empirically tested for the existence of a threshold level of inflation beyond which growth is severely undermined. Our results indicated that the negative growth effects of inflation are more pronounced above an inflation threshold of about 5.5 percent. We recognize that inflation in India is a result of a number of factors, including: supply-driven food inflation feeding quickly into wages and core inflation; entrenched inflation expectations; binding sector-specific supply constraints (particularly in agriculture, energy, and transportation); and ongoing fuel prices increases, see Anand et al. (2014) . Nevertheless, high and persistent inflation, no matter how it is created, is a key vulnerability and the Reserve Bank of India should strengthen its anti-inflation efforts in order to avoid any negative long-run effects of excessive inflation on growth.
